Recycling irrigation water can provide water during periods of drought for horticulture operations and can reduce nonpoint-source pollution, but water recycling increases production costs and can increase risk of disease infestation from waterborne pathogens such as Pythium and Phytophthora. This study of water recycling adoption by horticultural growers in Virginia, Maryland, and Pennsylvania finds that the potential for increased disease infestation would reduce growers' probability of adopting water recycling. Widespread adoption of recycling irrigation water would require government incentives or coercion or growers' ability to pass cost increases on to customers.
Introduction
Irrigation water management is an important consideration for horticulture operations. For the nation as a whole, approximately 52% of horticultural operations rely on irrigation (U.S. Department of Agriculture [USDA], 2014a [USDA], , 2014b [USDA], , 2014c . Horticulture operations that depend on surface water or groundwater for irrigation can be substantially affected by water shortages in times of drought, such as the drought being experienced currently in the western United States. One approach that can mitigate risks of water shortages is for growers 1 to capture and reuse irrigation water.
Although growers may be concerned about water scarcity, policy makers are concerned with water quality and seek to improve water quality by reducing nonpoint-source (NPS) pollution. In December 2010, the U.S. Environmental Protection Agency (USEPA) in collaboration with states comprising the Chesapeake Bay watershed (Virginia, Maryland, Delaware, West Virginia, Pennsylvania, and New York) and the District of Columbia established a total maximum daily load (TMDL) for nitrogen (N) and phosphorus (P) in each tributary emptying into the Chesapeake Bay (USEPA, 2010) . USEPA took action to ensure that pollution control measures needed to fully restore the bay and its tidal rivers would be in place by 2025.
Horticulture operations are one source of NPS pollution loadings due to runoff from storm events and irrigation, and such operations will be under scrutiny to reach pollution reduction goals. For example, Virginia is committed to the TMDL goal that 95% of the land area of container nurseries and greenhouses will have practices in place that capture irrigation and storm water runoff up to the volume of a 1-inch storm event (Commonwealth of Virginia, 2010) . 2 There is an expectation that these operations will reduce their N and P loadings as a result of irrigation and storm water capture, water recycling, and implementation of other water conservation practices.
Reducing runoff from horticultural operations is an important agricultural issue in the Mid-Atlantic region. In Maryland, Pennsylvania, and Virginia (our study area), sales from crop agriculture were $5.2 billion in 2012, and the green industry constituted 28% of sector sales (USDA, 2014a (USDA, , 2014c . In addition, this is an issue of national importance as agricultural and environmental groups in other significant watersheds around the United States are watching the Chesapeake Bay initiatives as actions that might be applied in their regions in the future (Valentine, 2015) .
If the potential for drought motivates growers to capture irrigation and storm water, then this could be a natural incentive (nudge) to reduce NPS pollution loadings from their operations (Czap et al., 2015) . However, nationally, as well as in the Chesapeake Bay watershed, only approximately 5% of growers recycle irrigation water (USDA, 2014b) . This low rate of water recycling may be the result of a number of considerations. Some growers may have constrained production areas, and setting aside land for recycling infrastructure may be physically challenging or impossible. Further, the capital costs of grading field topography to capture storm and irrigation runoff, and of constructing the associated holding ponds, can be substantial (Ferraro, 2015) .
Another important concern is increased plant disease risks from the use of recycled water. Water recycling can pose increased risk of disease caused by the waterborne pathogens Pythium and Phytophthora. Pythium primarily affects the roots of greenhouse plants and causes root rot (Moorman, 2013a) . Phytophthora can cause root rot as well as stem rot or cankers on plants grown in pots outdoors (Moorman, 2013b) . Both pathogens can affect plants throughout all stages of growth and are capable of killing a variety of ornamental crops. Even though no comprehensive data exist, it is estimated that waterborne plant pathogens, such as Pythium and Phytophthora, may cause crop losses of up to 12% in the United States annually (Pimentel et al., 1997) . Irrigation water recycling, without measures to remove pathogens from the water, can result in the continual reinoculation of horticulture crops with diseases and increase crop losses (Hong and Moorman, 2005) . Although the potential for water shortages could be a natural nudge to recycle irrigation water, the potential for losses due to disease can be a natural disincentive to recycle.
The purpose of this research is to evaluate horticulture operations' willingness to adopt water recycling as a function of increased production costs, water shortage risks, and disease risks. If growers are strongly concerned with water shortages, then this concern should provide a nudge to capture irrigation and storm runoff as a water insurance action. If growers are further not concerned about the spread of plant diseases from recycling, perhaps because they already have the infrastructure in place to control waterborne diseases, then policy makers may simply need to educate growers about recycling to nudge adoption of this environmentally desirable behavior.
Grower responses to these drought and disease risks are not known and need to be investigated. The study was carried out with a mail survey of ornamental horticulture operations in Maryland, Pennsylvania, and Virginia to investigate water recycling adoption. The results show that production costs and disease risks significantly reduce growers' willingness to adopt water recycling. Adoption of water recycling is not influenced by risks of water shortages. This may be because recent droughts have already forced growers to secure sufficient water resources to meet irrigation needs during periods of water shortages. Thus, policy makers may need to take proactive measures through coercive or incentive policies to encourage water recycling as a mechanism to reduce NPS pollutant discharges from horticulture operations.
Methods and Data
Growers were asked if they would choose to invest in (adopt) water recycling in the face of differing levels of water shortage risks, plant disease risks, and changes in production resulting from the decision to capture and recycle water runoff from irrigation and storm events. A choice-experiment survey was designed to investigate these choices by growers: willingness to invest in water recycling in the presence of increased production costs and differing levels of drought and disease risks. The survey was implemented by mail. Data analyses are based on respondents who irrigate but do not recycle 100% of their irrigation water.
Survey Design
The tailored design method was utilized to develop and administer the mail survey (Dillman et al., 2008) . The initial survey design was based on input from horticulture experts in academia and industry. This involved meetings with plant pathologists and an industry advisory group that were part of the research project; a series of 10 site visits with growers in Maryland, Pennsylvania, and Virginia; and a focus group conducted with two growers and three horticultural extension agents. The final survey included questions about the growers and their operations and two choice questions about irrigation water recycling.
The survey was administered by mail and designed to take approximately 15 minutes to complete. A letter of introduction and the survey were distributed on February 21, 2013, followed by a reminder postcard on February 28, 2013, and a second reminder postcard on March 7, 2013. A second round of surveys was sent to nonrespondents on March 12, 2013.
Choice-Experiment Questions
Choice questions are widely used to understand how consumers and producers might respond to a set of proposed conditions (Holmes and Adamowicz, 2003; Omondi et al., 2008; Scarpa et al., 2003a Scarpa et al., , 2003b Zander and Drucker, 2008) .
The key purpose of the survey was to understand growers' willingness to adopt irrigation water recycling in the face of possible water shortages and potential for transmission of plant diseases. To introduce the choice experiment, we presented survey participants with information about capturing irrigation water, recycling captured water, and the potential for water shortage and plant disease (Phytophthora/Pythium) risks ( Figure 1 ). This information was intended to reinforce to respondents that the choice presented was a realistic investment choice that they could make in the future in response to possible environmental requirements. The choice-experiment questions had two recycling alternatives and three attributes (disease risk, water shortage risk, and increased production costs) ( Figure 2) .
The "disease" attribute refers to the probability of detecting plants infected with the pathogens Phytophthora or Pythium. The baseline (current detection New state and federal regulations designed to improve water quality might require nursery and greenhouse producers to capture all irrigation water and runoff from storms. Capture means impeding water runoff from your operation so that it does not flow directly to adjacent property or streams.
In addition to capturing irrigation water runoff, operations may choose to recirculate this captured water for irrigation purposes. Factors that could have an impact on the choice to recycle 100% of their water include disease risk, risk of irrigation water shortage, and costs of recycling.
Risk of plant disease
Disease risk refers to the probability of plants developing Pythium/Phytophthora disease if irrigation recycling were implemented on your operation. This is the probability of plants showing disease symptoms in a typical year. Recycling stored water runoff for irrigation poses the potential problem of transferring diseases back to crops. An industry baseline for disease probability is assumed to be 10%. If a producer invests in water recycling, one of the components of the system would attempt to control for Pythium/Phytophthora.
Risk of irrigation water shortage
Risk of irrigation water shortage refers to a shortfall in water supply caused by depleted private or public well water or falling stream or pond levels. In recent years, producers around the country have experienced severe heat and drought conditions that have caused irrigation water shortfall. An industry baseline for irrigation water shortfall is assumed to be 15%. In 15% of the years between 1895 and 2000, cumulative rainfall was at or below 1.75″ in your region during April-August posing a water supply problem for some producers.
Increased cost of installing and operating recycling
Many operations are not currently equipped to comply with a "capture" regulation or recycle irrigation water without incurring additional costs.
Figure 1. Information on Choice Attributes that Preceded Choice Questions in the Survey
The table below is an example of a recycling scenario question. The table describes two alternative situations where you have the option to implement water recycling at your operations with the risks defined by the given probabilities. rate) was 10%, and this attribute level was increased in 2% increments up to 20% to reflect the potential increase in disease incidence associated with water recycling (Table 1 ). The disease probability of 20% is the maximum level of disease detection beyond which experts considered that an operation would be unlikely to stay in business. The survey made clear that this is the probability of pathogen detection, not a 20% crop loss. The "water" attribute is the probability of suffering a shortage of irrigation water due to low rainfall, which affects water availability from all sources. The National Weather Service monthly average cumulative precipitation for Virginia, Maryland, and Pennsylvania from 1895 to 2000 was used to estimate precipitation probabilities (National Oceanic and Atmospheric Administration, National Weather Service Internet Services Team, 2012). There is no universal definition of "water shortage" for horticulture operations. We assumed that if the average monthly precipitation during the April-August growing season falls below 1.75 inches (the 15th percentile of the historical rainfall distribution), then there may be a "water supply" shortage for some growers. The levels for this attribute were the baseline of 15% and decrements and increments to 10%, 13%, 17%, and 20% chances of monthly rainfall being less than 1.75 inches (Table 1) . Allowing for the chance of rainfall to decrease or increase allows for some areas receiving more rain as the climate changes. This is a condition that some growers are already considering and added realism to the design of the choice-experiment scenario.
Figure 2. Example Choice Question
"Cost" refers to the percent increase in annual nursery production costs necessary to install and operate infrastructure for water recycling and disease control. Four levels were included in the design: 5%, 10%, 15%, and 20% of annual nursery production costs (Table 1) . Many operations have other business lines such as retail shops and landscaping services whose costs would not be affected by the water recycling activities. The baseline value for the cost attribute is $0, no change in current operator practices if the grower chooses not to adopt.
Percent cost increases, rather than absolute increases, were used because of the large differences in the scale of horticulture operations. Some operations have total costs of less than $100,000, and others have costs of more than $1,000,000. A $100,000 increase in cost for a grower with a $1,000,000 operation would be a 10% increase in cost, but for the $100,000 operation this would be an unrealistic 100% increase in operating costs. Conversely, a $10,000 increase (10% for a $100,000 operation) might be unrealistically small for a $1,000,000 operation. Thus, using percentages allows the costs to be realistic for different size operations. Percent cost increases, rather than absolute increases, have been used in other applications where respondents would find it difficult to respond to absolute cost amounts (see Bederli and Brouwer, 2007) .
In developing the choice experiment, we knew that among contacted nursery operations, not all operations would irrigate. Thus, the plan was to send surveys to every identified operation that we could contact. With this limited population, and consequently limited sample size, we kept the experimental design as simple as possible with three key policy/decision attributes and a limited number of levels while also providing realistic variation in the levels.
Using these attributes and levels, we developed a d-efficient design using Ngene (http://www.choice-metrics.com/). Collins, Rose, and Bliemer (2007) found that using d-efficiency improved statistical efficiency compared with traditional orthogonal designs. The final design had 20 choice sets with each survey having two choice questions; this resulted in 10 pairs of choice sets that were randomly assigned to surveys. The choice questions were limited to two per survey because we learned in the design process that growers were unlikely to answer more than two choice questions.
Model Specification
A conditional logit model was estimated using the responses to the choice question to model the probability of growers adopting water recycling technology as a function of choice-experiment attributes (a) and grower characteristics (c):
where β a and β c are vectors of coefficients to be estimated and ɛ is a random error term of factors that influence grower choices but are not observable to the investigator. A random parameters logit model was also estimated to consider the robustness of the empirical results and to allow that respondents' answers to the two choice questions are likely to be correlated. Two specifications of the equation are estimated: a "long model" and a "short model." In the long model, the levels of the water shortage and disease attributes are entered as binary variables: 3
where "%cost" is a continuous variable coded as a proportion on the (0,1) interval, the attribute level variables equal 1 when the specified level applies and 0 otherwise, 15% water shortage and 10% disease risk are omitted categories, and c is the vector of grower characteristics. The short model collapses the water shortage and disease variables into a single binary variable:
where ↑watershortage equals 1 if water shortage equals 17% or 20% and 0 otherwise, and ↑disease equals 1 if disease equals 12%, 14%, 16%, 18%, or 20% and 0 otherwise. 4 The ↑watershortage and ↑disease variables were distributed in the random parameters (mixed logit) estimation assuming normal distributions. 5 The same set of grower characteristics is included in the long and short models: β c c = β own (owner) * asc + β col (collegedegree) * asc + β hrev (highrevenue) * asc + β ews (expwatershortage) * asc + β ed (expdiseaseloss) * asc,
where owner equals 1 if respondent owns the operation and 0 otherwise, collegedegree equals 1 if respondent has a four-year college degree and 0 otherwise, highrevenue equals 1 if operation annual revenue is greater than $250,000, expwatershortage equals the number of times water shortage experienced (1, 2, 4, or 6), 6 expdiseaseloss equals percent revenue loss from disease experienced (0.5%, 1.5%, 4%, 8%, 15.5%, or 25%), 7 and asc equals 1 if recycling condition A or B (see Figure 2 ) was chosen and 0 otherwise. These grower characteristics were selected based on empirical results from the survey that are discussed subsequently.
The grower characteristics that are interacted with the alternative-specific constant capture whether there are individual characteristics, aside from the choice-experiment attributes, that would make a respondent more or less likely to adopt water recycling. That is, positive significant coefficients indicate that respondents have a predisposition to invest in recycling that is not motivated by the attributes in the choice questions and that negative, significant coefficients would indicate the opposite.
Sampling
The mail survey focused on ornamental nursery operations in Virginia, Maryland, and Pennsylvania that irrigate but do not capture and recycle all applied irrigation water. According to the 2007 Census of Agriculture, 8 there were 4,785 greenhouse, nursery, and floriculture production operations in this tristate region (1,085 in Virginia, 673 in Maryland, and 3,027 in Pennsylvania) (USDA, 2009). 9 Operations included in the current study have field and/or container nursery production. There were a total of 1,620 operations that fit this condition (947 in Pennsylvania, 281 in Maryland, and 392 in Virginia). Of these operations, 592 reported irrigating nursery crops in field settings.
One approach to contacting these operations would be to team with the National Agricultural Statistics Service (NASS) to develop a sample and conduct the survey. This was not possible because NASS was in the process of conducting the periodic Census of Agriculture and was concerned with respondent burden and confusion from growers receiving two survey instruments at approximately the same time. Further, the NASS population only includes operations that receive more than 50% of their total receipts from greenhouse, nursery, and floriculture products, which would omit some of the growers in the population we desired to survey (USDA, 2014a). Thus, there was not a documented population of horticulture businesses in the study area to sample. In turn, we carefully documented the process followed to develop the sample used to implement the study.
First, mailing addresses and phone numbers were obtained for Maryland, Pennsylvania, and Virginia operations through publicly available information on permitted nursery operations 10 and public listings such as Nursery Trees and Garden Guides. 11 These lists were cross-checked with available mailing lists from nursery business associations in Virginia and Maryland. 12 The effort resulted in a list of 3,339 nursery operations in the three-state area ( Table 2) .
The 3,339 nursery businesses might include operations that do not meet the criteria for inclusion in the study (e.g., they do not irrigate). Thus, telephone screening calls were made to identify operations that met the conditions for inclusion in the study. The conditions for inclusion in the study were an outdoor production area, with or without containers, and the use of irrigation. Telephone interviewers attempted to contact all 3,339 potential operations using up to five callbacks if initial contacts were not successful.
When a contact was made, the interviewer requested the name and mailing address of the individual in the organization who was responsible for the production and financial decisions of the business. There were 362 operations in the "complete" category: operations that responded to calls, said they would complete the survey, and gave mailing information. Operations that could not be reached by telephone were included in the final mailing in the event that they were closed for the winter when screening calls were made. The final list included 2,035 surveys mailed with 1,770 having valid addresses (Table 2) .
For this study, with no known population or population statistics, there is not a criterion to assess the representativeness of the sample statistics. Thus, we followed best survey practices, which we have documented in this section, to establish the content validity of the survey sample (Carmines and Zeller, 1979) .
Results
A total of 435 surveys were returned for a response rate of 25% (Table 2 ). Of the returned surveys, 259 were from operations that irrigate. Not all respondents answered the choice questions, some respondents selected two responses to a choice question when only one was allowed, and three respondents answered the choice questions but already recycled 100% of their irrigation water. These types of respondents were removed from the data used for the analyses reported in this study. This left 192 respondents who answered both choice questions and an additional 3 who answered one of the two choice questions (387 choicequestion responses). In total, 50 respondents selected "would invest" (adopters) for at least one choice question, and 148 chose "would not invest" (nonadopters) for all their responses to the choice questions.
Characteristics of Respondents
Adopters averaged approximately the same years of experience (26) as nonadopters (25) ( Table 3 ). Most respondents were owners (84%), and a majority of respondents had a college education (55%). Operation revenue was asked using categories, as is done in personal surveys, so that growers would be more likely to answer this sensitive question. Operation revenue from all sources varied widely across firms, ranging from less than $25,000 to more than $10,000,000 (Table 3) . Nonadopters tended to be very low revenue firms. Respondents were more forthcoming about cost information and were asked to report total production costs and only those costs associated with their nursery operations. Adopters had higher total production costs and higher nursery costs compared with nonadopters (Table 3) .
Most respondents reported losses from disease in a typical year of 2% or less with some reporting losses in excess of 6% (Table 3) . Overall, more than 60% of respondents experienced losses from all sources of disease of 1% or more of sales. In contrast, approximately 30% of respondents reported a water shortage in the past decade (Table 3) . Adopters were somewhat more likely to have experienced a water shortage than nonadopters. a Percentage totals may not sum to 100 due to rounding. b Significant differences between adopters and nonadopters at the 10% ( * ), 5% ( * * ), and 1% ( * * * ) levels.
The findings from these descriptive statistics informed the respondent characteristics that are included in the analyses of the choice questions.
Analysis of Choice Data
The 50 respondents who selected "would adopt" for at least one choice question resulted in 89 affirmative responses to choice questions, which leaves 298 responses declining choice alternatives. We estimated conditional logit long and short models, and the random parameters (mixed logit) short model, using these responses to the choice questions.
For all three models, %cost is negative and significant (Table 4) , which supports the standard expectation that as cost increases the likelihood of investing in water recycling declines. The marginal effects for both conditional logit models are approximately the same indicating that this result is robust to the specification of program attributes for water and disease in the equations. Cost is more significant in the mixed logit estimation, and the coefficient is approximately 30% larger than the estimates in the conditional logit specifications.
None of the water shortage variables are significant in the long conditional logit estimation, nor is the ↑watershortage coefficient significant in the short equation for the conditional logit and mixed logit estimation. This result is not surprising given that nearly 70% of respondents had not experienced water shortages at their operations even though the study area had experienced drought conditions in 7 of the past 10 years (National Oceanic and Atmospheric Administration, National Centers for Environmental Information, 2015) . It also may be the case that operations that had experienced water shortages in the past 10 years had taken steps to avoid future shortages; this was the case for two operations we visited. Visits with growers indicated that those who did not have sufficient water supplies in recent drought years had taken actions to remedy this problem.
The coefficients for 14%disease and 16%disease are negative and significant in the conditional logit estimation of the long model. The negative signs indicate operations are less likely to adopt recycling due to increases in the likelihood of disease detection. The lack of significance on three of the disease variables is somewhat perplexing. In the study pretesting, growers told us that any increase in disease is unacceptable, which would suggest that β 14%d would likely be significant. Further, it seems illogical that growers are concerned about disease detection levels of 14% and 16%, but not concerned about higher disease detection levels of 18% and 20%. Survey respondents indicated that disease was their most serious risk with 80% indicating plant disease was a very or somewhat important risk. The fact that adoption is not sensitive to increases in the probability of disease detection likely follows from the fact that growers want to avoid any disease. Conversations with growers indicated that they felt their reputation was of paramount importance to the success of their business and they did not want to sell any diseased plants to customers that might undermine customer confidence in their operations. In this light, it is worth noting that all of the disease coefficients except 12%disease are approximately the same magnitude, ranging from −0.7 to −1.0. Further, even though the coefficient on 12% is somewhat smaller than the coefficients for the other four levels of disease detection, the large standard errors on the coefficient estimates suggests that this coefficient may not be significantly different from the coefficients for disease detection levels of 14%, 16%, 18%, and 20%.
Given the observed pattern of results in the long model, in which none of water shortage variables are significant and only two of the disease variables are significant, we tested the joint hypothesis that the levels of the water shortage increase and disease detection variables are not significantly different from the current (status quo) conditions of 15% water shortage and 10% disease detection (see Table 1 ):
The insight behind this joint hypothesis is that the increased probability of water shortage or disease affects adoption decisions, but the decisions are not affected by the magnitude of the increased risk. If sample size is a consideration, as discussed previously, it may be appropriate to simply test whether an increase in the incidence of water shortage or disease detection affects choices to adopt water recycling.
The hypothesis is tested by a comparison of the conditional logit estimation of the long and short models, and the χ 2 statistic is 3.00, which is not significant at the 10% level (χ 2 = 12.02, degrees of freedom = 7); therefore, the null hypothesis cannot be rejected. This result provides further confirmation that growers are not concerned about water shortage and are concerned about increased disease detection probability, but we cannot detect a nonzero marginal effect as the probability of disease detection increases.
For policy discussions, we will reference the short model. Here we test:
H 0 : β ↑ws = 0 versus H 1 : β ↑ws = 0 and H 0 : β ↑d = 0 versus H 1 : β ↑d = 0,
where ↑ws denotes ↑watershortage and ↑d denotes ↑disease. We cannot reject the null hypothesis for ↑ws, and the null hypothesis is rejected for ↑d. These results hold for the conditional logit and the mixed logit estimation of the short model. The standard deviations of the estimates of ↑ws and ↑d are both significant in the mixed logit estimation.
In terms of respondent characteristics in the short models, owners are significantly less likely to adopt recycling and larger firms (in terms of revenue) are more likely to adopt recycling in the conditional logit estimation, but only the owner characteristic remains significant in the mixed logit estimation. These are characteristics that will affect a respondent choosing to adopt recycling independent of the attributes and their levels in the choice questions. It is noteworthy that experience with water shortage (expwatershortage) or disease (expdiseaseloss) was not significant in either estimation.
Compensation to Adopt Recycling
The estimation results reported previously indicate that there is no natural nudge for growers to invest in water recycling due to concerns about drought. This means that because recycling is costly, growers will require incentives or coercive polices to motivate them to adopt water recycling. The coefficient estimates provide estimates of the mean incentives. The log likelihood, Akaike information criterion (AIC), and Bayesian information criterion (BIC) statistics indicate that the short models fit the data better than the long model, and we will use the results from the short models in this discussion. 13 The absolute value of the ratio of the coefficient on ↑disease to the coefficient on %cost in the conditional logit model provides an estimate of the magnitude of the average monetary incentive, in percentage terms, that growers would need to receive to adopt water recycling. This is calculated for the conditional logit and mixed logit estimations, respectively, as follows:
where E is the expectation operator of the distributed parameter estimate on the disease detection increase variable.
For the conditional logit estimation, the result of this calculation is 0.06 or 6%, with a standard error of 0.027, and comparable figures for the mixed logit estimation are 0.265 or 26%. The 90% confidence intervals for these estimates are (0.015, 0.104) and (0.051, 0.479), respectively. These numbers indicate that operations would need to be compensated 6% or 26% of their annual nursery production costs to adopt water recycling. This translates into a $6,000, or $26,000, incentive for an operation with annual nursery production costs of $100,000 and $60,000, or $260,000, for an operation with $1,000,000 in nursery production costs.
Which of the models provides the best estimate? The mixed logit model has the highest log likelihood, indicating that this estimation fits the data better than the conditional logit estimation. Both the AIC and the BIC criteria also favor the mixed logit model. Thus, we would favor the 26% figure for policy analyses. Ferraro (2015) analyzed nurseries that used well water, municipal water, or recycled water as their primary source for irrigation. For a small nursery with low-cost access to well water and annual gross revenues of slightly more than $100,000, substituting recycled water for well water would increase annual costs by some $21,000 (Ferraro, 2015) . The $26,000 figure suggested here would be sufficient to compensate for the increased cost plus a risk premium.
Discussion and Conclusions
Controlling costs is an important consideration for growers. Discussions with growers indicate that many feel they are price takers with market prices largely influenced by sales at big-box stores. Thus, the cost of installing and operating water recycling technology is an important consideration for growers as they may perceive that they have limited ability to pass increased costs on to their customers. Most growers are not currently equipped to recycle irrigation water, and 77% of growers responding to the survey indicated that cost would be very or somewhat important in their decision to adopt water recycling.
Our findings indicate that producers are not concerned about drought and are concerned about disease; therefore, a "nudge" to stimulate voluntary water recycling is not present, and the possibility of spreading disease presents a significant disincentive to invest in water recycling. If the goal of the USEPA and state environmental agencies is to reduce NPS pollution from nursery operations, our research indicates that financial incentives or coercive policies will be needed to stimulate widespread adoption of water recycling in the Mid-Atlantic region. The most likely action from the USDA might be to recommend best management practices for recycling irrigation water combined with technical and financial support for adoption. Adoption of best management practices for water recycling might be stimulated by a source like the USDA's Environmental Quality Incentives Program (http://www.nrcs.usda.gov/wps/portal/nrcs/main/ national/programs/financial/eqip/), which provides incentives for farmers to undertake environmentally desirable actions. For example, Buckley and Obropta (2006) found that water recycling reduced nutrient loads in an adjacent stream by 25%.
The incentive program might include educational efforts to promote the local and regional benefits of water recycling and technical assistance to help growers and their employees successfully implement the new technology. The best management practices may include recommendations and education for how operations can adopt water recycling without increasing the risk of disease (Ghimire et al., 2011; Hong, 2011; Hong, Richardson, and Kong, 2003) .
In addition, parallel research in the Mid-Atlantic area indicates that final customers may be willing to pay a price premium for plants that are produced with water conservation practices, which would be consistent with water recycling, or for plants that are certified as disease free (Hartter, 2012) . Thus, just as the industry currently has labels for ornamental horticulture products such as the "Knock Out Rose R ," the industry might consider a water conservation or disease-free certification program to help growers recapture costs through increased prices paid by consumers for plants.
